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ARTICLE INFO ABSTRACT

Article history: This study focused on the taxonomy and diversity of the endophytic fungi associated with
Received 30 December 2016 Vellozia gigantea, an endemic, ancient, and endangered plant species that occurs only in
Received in revised form 6 February 2017 the rupestrian grasslands of Brazil. A total of 285 fungal isolates were recovered from

Accepted 11 February 2017 leaves and roots of the V. gigantea, which were identified in 27 genera and 87 different taxa

using molecular taxonomy methods. Xylaria berteri, Diaporthe sp. 1, Nigrospora oryzae,
Muscodor sp. 1, Colletotrichum aeschynomene, and Trichoderma viride occurred in the

ﬁl{ ‘;Z%rtdS:lant highest frequency in both the leaf and root. Diaporthe was the most abundant genus, with
Diversityp 70 endophytic isolates recovered from the leaves and roots. Among all the taxa identified,
Ecology 62 occurred as singlets, including those of the genera Clonostachys, Coccomyces, Cru-
Fungi cellisporiopsis, Daldinia, Myxotrichum, Pallidocercospora, Pezicula, Peyronellaea, and Pseu-
Taxonomy docercospora. The diversity indices displayed high values, showing that V. gigantea shelters

a diverse and rich mycobiota. Our results indicate that V. gigantea shelters in its tissues a
highly diverse and cryptic mycobiota, including several rare species previously unreported
as endophytes, but that are reported to have different ecological functions, which might be
an important biological component contributing to the fitness of the plants living in the
rupestrian grassland.

© 2017 Published by Elsevier Ltd.

1. Introduction

Different definitions of endophytes have been proposed since their discovery in the nineteenth century (Schulz and Boyle,
2005). Compant et al. (2016) describe endophytes as being any neutral, commensal, and/or beneficial microorganisms, as well
as dormant saprobes and pathogens in the latent phase of their life cycle, which can be isolated from asymptomatic plant
tissue. Additionally, endophytes seem to be closely associated with different parts of their host plants (Hardoim et al., 2015).

* Corresponding author. United States Department of Agriculture, USDA-ARS, Natural Products Utilization Research Unit, MS 38677, MS, USA.
** Corresponding author. Departamento de Microbiologia, Universidade Federal de Minas Gerais, Belo Horizonte, MG, CEP 31270-901, Brazil.
E-mail addresses: clcantr1@olemiss.edu (C.L. Cantrell), lhrosa@icb.ufmg.br (L.H. Rosa).

http://dx.doi.org/10.1016/j.bse.2017.02.006
0305-1978/© 2017 Published by Elsevier Ltd.


mailto:clcantr1@olemiss.edu
mailto:lhrosa@icb.ufmg.br
http://crossmark.crossref.org/dialog/?doi=10.1016/j.bse.2017.02.006&domain=pdf
www.sciencedirect.com/science/journal/03051978
http://www.elsevier.com/locate/biochemsyseco
http://dx.doi.org/10.1016/j.bse.2017.02.006
http://dx.doi.org/10.1016/j.bse.2017.02.006
http://dx.doi.org/10.1016/j.bse.2017.02.006

164 M.C. Ferreira et al. / Biochemical Systematics and Ecology 71 (2017) 163—169

Although many endophytic microbes have been regarded as symbionts that promote some benefit to their host, several
endophytic species have been reported to be decomposers or parasites (Schulz and Boyle, 2005). According to Rosa et al.
(2011), endophytic fungi include a high diversity of species, mainly in the phyla Ascomycota and Basidiomycota, which are
associated with different plants around the world and represent an important group of the worldwide fungal diversity.

Among the typical biomes in Brazil, the Espinhaco Mountain Range has the rupestrian grasslands (‘campo rupestre’) which
include valleys, canyons, ranges, and rock outcrops at high elevations that shelter a high richness of different endemic plant
species (Lousada et al., 2011). The Espinhaco Mountain Range is located in eastern Brazil in the states of Minas Gerais and
Bahia, and extends approximately 1000 km in a North-South direction. According to Silveira et al. (2015), the diversification of
plant lineages present in the rupestrian grasslands occurred before the diversification of the Brazilian lowland savannas
(‘cerrado’), suggesting it is the most ancient open vegetation in eastern South America. In addition, the Brazilian rocky fields
comprise more than 5000 plant species (about 15% of Brazilian plant diversity) in an area corresponding to 0.78% of its
surface.

Brazil has a rich biodiversity of plant species, including those reported as being endemic. Among the endemic plants of the
rupestrian grasslands, those of Velloziaceae occur at a high frequency and comprise about 240 predominately Neotropical and
several other species (Menezes et al., 1994; Lousada et al., 2011). Vellozia, known locally as ‘canela-de-ema’, is the largest
genus in the family and includes about 105 species (Menezes et al., 1994). Vellozia gigantea N. L. Menezes & Mello-Silva
(Velloziaceae), a recently described species, is the tallest in the family, reaching more than 6 m, and is considered to be
threatened by extinction (Lousada et al., 2011). However, there is few information about the biology of V. gigantea, including
the age of its population. According to Alves (1994), the dracenoid species of Vellozia, like V. gigantea, may represent an ancient
plant that could be hundreds of thousands of years old. Furthermore, V. gigantea has been classified as vulnerable owing to its
small population size and very restricted distribution, being considered endemic to the rocky field vegetation in the
rupestrian grasslands in eastern Brazil, specifically present in Serra do Cip6 National Park (Mello-Silva and Menezes, 1999). In
the present study, we focused on the taxonomy, diversity, community structure, ecology, and phylogenetic inferences of
endophytic fungal communities associated with the ancient and narrowly endemic Neotropical plant species V. gigantea.

2. Materials and methods
2.1. Plant collection and isolation of fungal endophytes

Specimens of V. gigantea were collected in May 2013, at Serra do Cipé National Park (19°14’874"S; 043°30'574"W), a
protected area in the state of Minas Gerais, Brazil. Identification of V. gigantea was based on comparisons with the voucher
specimen deposited at the herbarium of the Institute of Biological Science (BHCB) of the Federal University of Minas Gerais,
Brazil (http://sciweb.nybg.org/science2/IndexHerbariorum.asp) under the code BHCB 102620. The collection of the plant
material was carried out according to the Brazilian biological diversity rules.

A total of 32 V. gigantea specimens were sampled, of which roots were obtained from 18 specimens and leaves from 32
specimens. Three leaves and 3 roots were obtained from each individual plant, placed in sterile plastic bags, and stored for less
than 24 h at 10 °C until the isolation of endophytic fungi. Five fragments (approximately 0.5 cm long and 0.5 cm wide) of each
leaf and root were cut using a flame-sterilised blade in a laminar flow hood. The tissue fragments were surface disinfected by
immersing in 70% ethanol (1 min) and 2% sodium hypochlorite (3 min), followed by washing with sterile distilled water
(2 min) (Carvalho et al., 2012). The fragments were plated onto Petri dishes containing potato dextrose agar (PDA; Difco, USA)
supplemented with 200 mg L~! chloramphenicol. The plates were incubated at 25 °C for 60 days. To test the effectiveness of
the surface sterilisation, 100 pL of the final rinsing water was plated on PDA medium and incubated under the same con-
ditions. Hyphal growth was monitored over an 8-week period. Using an aseptic technique, endophytes were transferred to
PDA contained in 60-mm Petri plates and photographed after growth completion. The long-term preservation of filamentous
fungal colonies was carried out in cryotubes containing 15% sterile glycerol at —80 °C, and in sterile distilled water at room
temperature. All pure cultures of the endophytic fungal isolates were deposited in the Culture Collection of Microorganisms
and Cells of the Federal University of Minas Gerais.

2.2. Fungal identification

The protocol for DNA extraction was described previously by Rosa et al. (2009). The internal transcribed spacer (ITS) region
was amplified with the universal primers ITS1 and ITS4 (White et al., 1990). Amplification of the ITS region was performed as
described by Rosa et al. (2009). Amplification of the B-tubulin (Glass and Donaldson, 1995) and ribosomal polymerase I genes
(RPB2) (Houbraken et al., 2012) were performed with the Bt2a/Bt2b and RPB2-5F-Pc/RPB2-7CR-Pc 7CR primers, respectively,
according to protocols established by Godinho et al. (2013). The obtained sequences were analyzed with SeqMan P with
Lasergene software (DNASTAR Inc., Madison, WI, USA), and a consensus sequence was obtained using Bioedit v. 7.0.5.3
software (Carlsbad, ON, Canada). Representative consensus sequences of fungal taxa were deposited into GenBank (Table 1).
To achieve species-rank identification based on ITS, B-tubulin data and ribosomal polymerase B2, the consensus sequence was
aligned with all sequences from related species retrieved from the NCBI GenBank database using BLAST (Altschul et al., 1997).
Taxa that displayed query coverage and identities <98% or an inconclusive taxonomic position were subjected to phylogenetic
ITS, B-tubulin and ribosomal polymerase B2-based analysis in comparison with sequences of type species deposited in the
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Molecular identification of endophytic fungi associated with Vellozia gigantea. Identification conducted using BLASTn searches of the ITS, B-tubulin, poly-

merase Il and D1-D2 domains.

UFMGCB? Tissue® No of

“Top BLAST search results (GenBank

Query cover Identity No of bp

Proposed taxa (GenBank acc. no)

isolates accession number) (%) (%) analyzed
9874 LR 29 Xylaria berteri (GU324749)¢ 100 99 441 Xylaria berteri (KU7276850)"
Xylaria berteri (F]904911)° 100 99 337 (KU878163)!
9823 L R 27 Diaporthe nothofagi (JX862530)¢ 99 93 459 Diaporthe sp. 1 (KU727686)"
Diaporthe nothofagi (KF170922)¢ 99 88 439 (KU992319)!
9657 LR 27 Nigrospora oryzae (KC771457)¢ 100 100 434 Nigrospora oryzae (KU727687)"
9886 LR 20 Muscodor equiseti (JX089322)¢ 99 97 474 Muscodor sp. 1 (KU727688)"
9682 L R 13 Colletotrichum aeschynomenes (NR120133)¢ 100 100 485 Colletotrichum aeschynomenes
Colletotrichum aeschynomenes (JX010392)¢ 100 98 640 (KU727689)" (KX015126)'
9734 L R 10 Trichoderma viride (DQ323428)¢ 99 100 481 Trichoderma viride (KU727690)"
9740 L R 8 Diaporthe schini (NR111861)¢ 100 99 451 Diaporthe sp. 2 (KU727691)"
Diaporthe masirevicii (K]197257)¢ 96 95 390 (KX015134)!
9803 L R 7 Colletotrichum karstii (HM585409)¢ 89 929 400 Colletotrichum karstii (KU727692)"
Colletotrichum karstii (HM585428)¢ 100 100 463 (KU878164)!
9685 L R 7 Guignardia mangiferae (JF261465)¢ 100 100 512 Guignardia mangiferae
Guignardia mangiferae (AB704275)° 65 99 560 (KU727693)" (KX015127)!
9679 L R 5 Diaporthe arengae (NR111843)¢ 929 93 455 Diaporthe sp. 3 (KU727694)"
Diaporthe nothofagi (KF170922)¢ 100 90 493 (KU992320)!
9720 LR 5 Diaporthe miriciae (K]197282)¢ 99 99 466 Diaporthe miriciae (KU727695)"
Diaporthe miriciae (KJ197262)¢ 100 99 399 (KU878162)!
9752 L R 5 Geotrichum vulgare (NR0O77072)¢ 100 92 423 Dipodascaceae sp. (KU727696)"
9826 L R 4 Diaporthe foeniculina (KC843295)¢ 100 98 491 Diaporthe sp. 4 (KU727697)"
Diaporthe foeniculina (KC843209)¢ 99 96 450 (KU992321)!
9762 L R 4 Diaporthe sackstonii (KJ197287)¢ 99 97 449 Diaporthe sp. 5 (KU727698)"
Diaporthe acaciarum (KP004509)¢ 93 93 464 (KX015135)!
9678 LR 4 Fusarium circinatum (NR120263)¢ 99 99 462 Fusarium sp. (KU727699)"
Fusarium bulbicola (KF466437)° 72 99 378 (KX015136)!
9764 L R 4 Nemania abortive (NR121350)¢ 929 89 460 Xylariaceae sp. 1 (KU727700)"
9807 LR 3 Bipolaris drechsleri (KF500530)¢ 100 98 453 Bipolaris drechsleri (KU727701)"
9954 L 3 Coccomyces proteae (JX089385)¢ 100 93 438 Coccomyces sp. (KU727702)"
9959 L 3 Diaporthe diospyricola (KF777156)¢ 100 96 455 Diaporthe sp. 6 (KU727703)"
Diaporthe macintoshii (K]197269)¢ 100 94 435 (KX015137)!
9824 LR 3 Diaporthe endophytica (NR111847)¢ 99 97 486 Diaporthe sp.7 (KU727704)"
9893 L 3 Medicopsis romeroi (NR130697)¢ 97 920 438 Trematosphaeriaceae sp.
(KU727705)"
9880 L 3 Muscodor suthepensis (JN558830)¢ 97 97 480 Muscodor sp. 2 (KU727706)"
9975 R 3 Neofusicoccum parvum (KF766204)¢ 62 86 473 Botryosphaeriales sp. 1
(KU727707)"
9829 R 3 Penicillium herquei (NR103659)¢ 95 99 481 Penicillium herquei (KU727708)"
Penicillium herquei (JN625969)¢ 100 929 444 (KU992317)!
9741 L R 3 Pestalotiopsis australasiae (KM199297)¢ 100 100 508 Pestalotiopsis australasiae
Pestalotiopsis australasiae (KM199410)¢ 100 100 400 (KU727709)" (KU840800)!
9960 LR 3 Phialocephala scopiformis (NR119460)¢ 88 94 470 Helotiales sp. (KU727710) P
Vg1F5 L 2 Candida michaelii (AY520329)8 99 100 419 Yamadazyma michaelii
(KU752546)¢
Vg11F10 L 2 Candida sp. TT12 (HQ014450)8 100 100 480 Yamadazyma riverae (KU752547)"
Candida sp. TT12 (HQ014447)¢ 100 100 480 (KU752549)¢
9943 L R 2 Crucellisporiopsis marquesiae (KP004443)! 98 89 407 Hyaloscyphaceae sp. (KU727711)"
9718 L 2 Diaporthe inconspicua (NR111849)¢ 100 99 485 Diaporthe sp. 8 (KU727712)"
9747 R 2 Diaporthe maytenicola (KF777157)¢ 99 96 455 Diaporthe sp. 9 (KU727713)"
9686 L R 2 Diaporthe terebinthifolii (NR111862)¢ 100 98 461 Diaporthe sp. 10 (KU727714)"
Diaporthe miriciae (K]197262)¢ 100 90 399 (KX024588)!
9889 LR 2 Harpophora oryzae (EU636699)¢ 97 86 450 Magnaporthaceae sp. 1
(KU727715)"
9905 L 2 Kabatiella lini (FJ157873)¢ 65 84 401 Dothideomycetes sp. (KX024589)'
9891 L 2 Mycoleptodiscus terrestris (JN711860)¢ 99 84 473 Magnaporthaceae sp. 2
(KU727716)"
9937 R 2 Myxotrichum arcticum (NR111037)¢ 97 98 480 Myxotrichum sp. (KU727717)"
9771 LR 2 Penicillium citrinum (NR121224)¢ 98 99 460 Penicillium citrinum (KU727718)"
Penicillium citrinum (KC345003)¢ 100 100 425 (KX015128)!
9903 R 2 Pezicula sporulosa (KF376107)¢ 100 98 429 Pezicula sporulosa (KU727719)"
9962 L 2 Phaeophleospora stramenti (KF901617)¢ 69 95 583 Mycosphaerellaceae sp.
(KU727720)"
9949 R 2 Quadricrura meridionalis (NR119401)¢ 84 88 494 Tetraplosphaeriaceae sp.
(KU727721)"
9736 R 2 Trichoderma effusum (NR111833)¢ 99 99 562 Trichoderma effusum (KU727722)"
9703 L 1 Camarosporium aloes (KF777142)? 100 920 470 Botryosphaeriales sp. 2

(KU727723)"
(continued on next page)
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UFMGCB? Tissue® No of “Top BLAST search results (GenBank Query cover Identity No of bp Proposed taxa (GenBank acc. no)

isolates accession number) (%) (%) analyzed
9918 L 1 Camarosporium aloes (KF777142)¢ 100 90 468 Pleosporineae sp. (KU727724)"
Vg27R5 R 1 Candida parapsilosis (JN091166)8 100 100 481 Lodderomyces (Candida) parapsilosis
(KU752548)
9972 R 1 Cladophialophora boppii (EU103997)¢ 99 91 519 Herpotrichiellaceae sp. (KU727725)"
9708 R 1 Clonostachys rosea (AF358231)¢ 97 99 487 Clonostachys cf. rosea (KU727726)"
Clonostachys rosea (KJ413352)¢ 75 99 394 (KX015129)!
9859 L 1 Colletotrichum cymbidiicola (NR111694)¢ 98 100 491 Colletotrichum sp. 1 (KU727727)"
9802 L 1 Colletotrichum gigasporum (KF687715)¢ 98 92 454 Colletotrichum sp. 2 (KU727728)"
Colletotrichum gigasporum (KF687866)° 100 98 623 (KX060161)!
9939 R 1 Crucellisporiopsis marquesiae (KP004443)¢ 100 99 475 Crucellisporiopsis marquesiae
(KU727729)"
9697 R 1 Daldinia loculata (AF176959)¢ 100 99 395 Daldinia loculata (KU727730)"
Daldinia loculata (AY951698)¢ 100 98 352 (KX015130)!
9690 L 1 Diaporthe acaciarum (KP004460)¢ 99 99 456 Diaporthe acaciarum (KU727731)"
Diaporthe acaciarum (KP004509)¢ 100 97 426 (KX015131)!
9770 L 1 Diaporthe acaciarum (KP004509)¢ 100 94 382 Diaporthe sp. 11 (KX060162)'
9664 L 1 Diaporthe acaciigena (KC343005)¢ 99 94 476 Diaporthe sp. 12 (KU727732)"
Diaporthe acaciigena (KC343973)¢ 90 93 462 (KX060163)!
9663 L 1 Diaporthe anacardii (NR111841)¢ 99 95 486 Diaporthe sp. 13 (KU727733)"
Diaporthe foeniculina (KC843209)¢ 99 94 454 (KX060164)!
9765 R 1 Diaporthe anacardii (NR111841)¢ 99 95 483 Diaporthe sp. 14 (KU727734)"
Diaporthe foeniculina (KC843209)¢ 100 94 401 (KX060165)!
9779 L 1 Diaporthe citri (KC843311)¢ 100 96 455 Diaporthe sp. 15 (KU727735)"
Diaporthe foeniculina (KC843209)¢ 100 96 405 (KX060166)!
9801 R 1 Diaporthe citri (KC843311)4 100 92 486 Diaporthe sp. 16 (KU727736)"
Diaporthe citri (KC843187)¢ 98 86 417 (KX060167)!
9693 R 1 Diaporthe eucalyptorum (NR120157)¢ 99 929 480 Diaporthe eucalyptorum
(KU727737)"
9674 R 1 Diaporthe hickoriae (NR103699)¢ 99 92 455 Diaporthe sp. 17 (KU727738)"
Diaporthe sclerotioides (KC344161)¢ 100 91 491 (KX060168)!
9672 L 1 Diaporthe kongii (NR111616)¢ 98 929 450 Diaporthe kongii (KU727739)"
Diaporthe kongii (KJ197272)¢ 100 99 448 (KX015132)!
9659 R 1 Diaporthe masirevicii (K]197257)¢ 100 98 455 Diaporthe masirevicii (KU727740)"
Diaporthe masirevicii (KJ197257)¢ 100 98 493 (KU992318)!
9854 L 1 Diaporthe maytenicola (KF777157)¢ 99 94 483 Diaporthe sp. 18 (KU727741)"
Diaporthe foeniculina (KC843209)¢ 99 94 497 (KX060169)!
9695 R 1 Diaporthe nothofagi (KF170922)¢ 97 88 460 Diaporthe sp. 19 (KX060170)'
9754 L 1 Diaporthe saccarata (NR120260)¢ 100 97 449 Diaporthe sp. 20 (KU727742)"
Diaporthe macintoshii (K]197269)¢ 98 95 431 (KX060171)!
9665 R 1 Diaporthe sojae (K]590719)¢ 99 97 437 Diaporthe sp. 21 (KU727743)"
Diaporthe masirevicii (KJ197257)¢ 99 95 475 (KX060172)!
9970 R 1 Fungal sp. (AY699698)¢ 86 93 449 Fungal sp. (KU727744)"
9794 L 1 Fusarium inflexum (U34577)¢ 99 99 427 Fusarium sp. (KU727745)"
Fusarium oxysporum (KR072629)° 91 100 301 (KX060173)!
9729 R 1 Hypoxylon livige (KC968922)¢ 100 91 401 Xylariaceae sp. 2 (KU727746)"
9950 R 1 Lecythophora decumbens (HE610337)¢ 98 99 478 Lecythophora decumbens
(KU727747)"
9866 L 1 Muscodor equiseti (JX089322)¢ 99 100 475 Muscodor equiseti (KU727748 »
9790 L 1 Muscodor oryzae (JX089321)¢ 99 99 501 Muscodor oryzae (KU727749)"
9810 L 1 Muscodor suthepensis (JN558830)¢ 97 100 502 Muscodor suthepensis (KU727750)"
9967 L 1 Mycosphaerella stramenti (DQ303042)¢ 99 99 485 Mycosphaerella stramenti
(KU727751)"
9675 R 1 Neopestalotiopsis surinamensis (KM199351)¢ 99 100 464 Neopestalotiopsis surinamensis
Neopestalotiopsis surinamensis (KM199465)° 99 99 432 (KU727752)" (KX060174)'
9694 L 1 Ochrocladosporium adansoniae (KF777176)¢ 100 90 510 Pleosporales sp. (KU727753)"
9931 L 1 Pallidocercospora ventilago (KF777177)¢ 98 100 413 Pallidocercospora sp. (KU727754)"
9772 R 1 Paraconiothyrium estuarinum (AY642530)¢ 98 98 494 Paraconiothyrium sp. (KU727755)"
Paraconiothyrium estuarinum (JX496355)¢ 85 94 396 (KX060175)
9793 R 1 Paraphaeosphaeria parmeliae (KP170654)* 100 99 491 Paraphaeosphaeria parmeliae
(KU727756)"
9928 L 1 Penicillium quebecense (NR121507)¢ 100 929 472 Penicillium quebecense
Penicillium quebecense (JN606622) 100 98 718 (KU727757)" (KU992316)
9864 L 1 Peyronellaea prosopidis (KF777180)¢ 100 96 419 Peyronellaea sp. (KU727758)"
9979 L 1 Pseudobotrytis bisbyi (KF733464)¢ 97 85 437 Coniochaetales sp. (KU727759)"
9945 L 1 Pseudocercospora norchiensis (GU269753)¢ 100 100 439 Pseudocercospora norchiensis
(KU727760)"
9946 R 1 Pseudolachnea fraxini (JQ889287)¢ 100 84 457 Sordariomycetes sp. (KU727761)"
9915 L 1 Pseudophialophora schizachyrii (KF689650)¢ 99 89 401 Magnaporthaceae sp. 3
(KU727762)"
9953 L 1 Stagonospora perfecta (KF251258)¢ 100 87 395 Massarinaceae sp. 1 (KU727763)"
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UFMGCB? Tissue® No of “Top BLAST search results (GenBank Query cover Identity No of bp Proposed taxa (GenBank acc. no)
isolates accession number) (%) (%) analyzed
9901 L 1 Stagonospora pseudocaricis (KF251260)¢ 100 86 459 Massarinaceae sp. 2 (KU727764)"
9667 R 1 Xylaria arbuscula (JN601145)°¢ 100 99 500 Xylaria arbuscula (KU727765)"
Xylaria arbuscula (GQ478226)¢ 100 96 360 (KX015133)'

3UFMGCB = Culture of Microorganisms and Cells from the Federal University of Minas Gerais. "Tissue: L = leaf and R = root. “Top BLAST search results
represent the first sequences matched with the endophytic fungi sequences of Vellozia gigantea. Taxa subjected to phylogenetic analysis based on the 4ITS1-
5.8S-ITS2, ¢B-tubulin, fPolymerase II and 8D1/D2 regions for elucidation of taxonomic positions. "ITS1-5.85-ITS2, {p-tubulin, JPolymerase Il and ¥D1/D2 se-
quences deposited in the GenBank.

GenBank database, with estimations conducted using MEGA Version 6.0 (Tamura et al., 2013). The maximum composite
likelihood method was employed to estimate evolutionary distances with bootstrap values calculated from 1000 replicate
runs. The information about fungal classification generally follows Kirk et al. (2008), MycoBank (http://www.mycobank.org)
and Index Fungorum (http://www.indexfungorum.org) databases.

2.3. Ecological analysis

To quantify species diversity, richness and dominance, we used Fisher's o, Margalef's and Simpson's indices, respectively.
All diversity and similarity indices were performed using the computer program PAST, version 1.90 (Hammer et al., 2001).

3. Results
3.1. Taxonomic and diversity analyses

Two hundred eighty-five fungal isolates were recovered as endophytes of V. gigantea, and were identified into 27 genera
and 87 taxa (Table 1). Xylaria berteri, Diaporthe sp. 1, Nigrospora oryzae, Muscodor sp. 1, Colletotrichum aeschynomene, and
Trichoderma viride occurred in the highest frequency in both the leaf and root. Diaporthe was the most abundant genus with
70 endophytic isolates recovered from the leaves and roots. The taxa distribution in V. gigantea tissue was as follows: 24 taxa
occurred in both leaf and root tissues, 36 were obtained only in the leaves, and 27 were only in the roots (Table 1).

Among the total taxa identified, 62 (70%) occurred as singlets (occurrence < 2 isolates), including those of the genera
Clonostachys, Coccomyces, Crucellisporiopsis, Daldinia, Myxotrichum, Pallidocercospora, Pezicula, Peyronellaea, and Pseudo-
cercospora, which displayed a phylogenetic relationship with fungi obtained from different environments of the world.

Additionally, the diversity indices displayed high values: Fisher o = 42.68 (diversity), Margalef = 15.21 (richness), and
Simpson = 0.96 (dominance). Fifty-four taxa displayed low molecular taxonomic identities with sequences of fungi deposited
in GenBank, and were identified on the genera, family, class, or order levels and may represent new species.

4. Discussion
4.1. Taxonomic and diversity analyses

Our results showed that the diversity of the fungal species associated with V. gigantea was high when compared with other
studies of endophyte communities from other plant hosts. The abundant cosmopolitan fungal genera (Xylaria, Diaporthe,
Nigrospora, Muscodor, Colletotrichum, and Trichoderma) obtained as endophytes of V. gigantea represent widely seen common
taxa reported in different plants from tropical environments (Carvalho et al., 2012; Ferreira et al., 2015).

Additionally, several endophytes of V. gigantea displayed low molecular taxonomic identities with sequences of fungi
deposited in GenBank, and were identified on the genera, family, class, or order levels and may represent new species. As an
example, the endophytic yeast Yamadazyma riverae UFMGCB Vg11F10 recovered from the leaves of V. gigantea was recently
described as a new species (Lopes et al., 2015). However, more detailed taxonomic (polyphasic taxonomy) studies will be
necessary to describe these endophytic taxa.

We detected several minority taxa (singlets) within the fungal community, including those of the genera Clonostachys,
Coccomyces, Crucellisporiopsis, Daldinia, Myxotrichum, Pallidocercospora, Pezicula, Peyronellaea, and Pseudocercospora, which
seem to be rare or unreported as endophytic species. Clonostachys rosea, described as Gliocladium roseum, is the anamorph
stage of Bionectria ochroleuca (Bionectriaceae) (Schroers et al., 1999), which is a common soil saprobic fungus that occurs in
different habitats (Sutton et al., 1997). Vega et al. (2008) reported the endophytic Clonostachys rosea, recovered from coffee
leaves in Colombia, as an entomopathogenic species with pathogenic activity against the Coleoptera Hypothenemus hampei,
the most devastating pest of coffee worldwide. Additionally, Clonostachys rosea was described as an endophyte of cucumber
(Chatterton et al., 2008) and able to induce expression of defence genes in wheat and canola (Lahlali and Peng, 2013). This
same fungal species was found to be a mycoparasite that produces chitanase and glucanase enzymes and peptides against
known phytopathogenic fungi (Rodriguez et al., 2011). The genus Coccomyces (Rhytismataceae) comprises about 116 species
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of ligninolytic fungi (Kirk et al., 2008). Hirose et al. (2013) recovered Coccomyces sinensis as a decomposer endophyte of
Camellia japonica. The genus Crucellisporiopsis includes only three recognised species (Nag Raj, 1993). Crucellisporiopsis
marquesiae was recently described as a new species that occurs on the twigs of Marquesia acuminata (Dipterocarpaceae) in
Zambia, Africa (Crous et al., 2014). Daldinia (Xylariaceae) comprises about 20 species of wood-inhabiting fungi (Ju et al., 1997),
including taxa reported as endophytes (Whalley, 1996). We recovered Daldinia loculata as an endophyte of V. gigantea, and
since the plant is an endemic species adapted to arid conditions, it suggests that Daldinia species are adapted ecologically and
physiologically to xerophytic conditions (Ingold, 1965). Additionally, Daldinia loculata is able to colonise burned substrates (Ju
et al., 1997). Myxotrichum sp. was recovered from the root tissue of V. gigantea. The genus Myxotrichum (Myxotrichaceae)
includes many cellulolytic and mycorrhizal species associated with members of the Ericaceae and Epacridaceae (Cannon and
Kirk, 2007). The cosmopolitan genus Pseudocercospora (teleomorph Mycosphaerella) is a recognised plant pathogen fungal
group which is commonly associated with leaves and fruits of different host plants of arid, cool temperate, sub-tropical, and
tropical regions (Crous et al., 2013). In addition, Pseudocercospora includes endophytic and saprobic species, and is used as a
biological control agent of weeds (Den Breejen et al., 2006). Pezicula (Dermateaceae) includes species growing endophyti-
cally, such as Pezicula sporulosa, which is associated with shrubs and trees, whereas other species are parasitic (Abeln et al.,
2000).

In this study, the endophytic fungal community of V. gigantea was found to be rich, diverse, and complex, and included taxa
that are mutualistic, saprobic, and parasitic. Some of these fungi have the ability to control phytopathogens (mycoparasitic)
and insects (entomopathogenic), whereas others are xerophytic (fire-adapted), or involved in endophyte-mycorrhizal fungi
interactions. We suggest that the natural endophytic fungal microbiota associated with V. gigantea might contribute in part to
the plant's fitness and its millennial age in the natural environment; however, further detailed studies will be necessary to
prove these hypothesis.

Acknowledgement

We acknowledge the financial support from FAPEMIG (0050-13), CAPES (23038.003478/2013—92), FINEP (2084/07), NIH,
NIAID, Division of AIDS, Grant N°. Al 27094 and the USDA Agricultural Research Service Specific Cooperative Agreement No.
58-6408-1-603. There is no conflict of interest among the authors. The authors thank Solomon Green III, Ms. J.L. Robertson,
Mrs. R. Pace, Mrs. Amber Reichley, Leonardo Ribeiro and Alice Hughes for technical assistance.

References

Abeln, E.C., de Pagter, M.A., Verkley, G.J., 2000. Phylogeny of Pezicula, Dermea and Neofabraea inferred from partial sequences of the nuclear ribosomal RNA
gene cluster. Mycologia 92, 685—693.

Altschul, S.F, Madden, T.L., Schaffer, A.A., Zhang, J.H., Zhang, Z., Miller, W., Lipman, DJ., 1997. Gapped BLASTand PSI-BLAST: a new generation of protein
database search programs. Nucleic Acids Res. 25, 3389—3402.

Alves, RJ.V., 1994. Morphological age determination and longevity in some Vellozia populations in Brazil. Folia Geobot. Phyt. Praha 29, 55—59.

Cannon, P, Kirk, P., 2007. Fungal Families of the World. CABI, United Kingdom.

Carvalho, C.R., Gongalves, V.N,, Pereira, C.B., Johann, S., Galliza, L.V., Alves, TM.A., Rabello, A., Sobral, M.E.G., Zani, C.L,, Rosa, C.A., Rosa, L.H., 2012. The di-
versity, antimicrobial and anticancer activity of endophytic fungi associated with the medicinal plant Stryphnodendron adstringens (Mart.) Coville
(Fabaceae) from the Brazilian savannah. Symbiosis 57, 95—107.

Chatterton, S., Jayaraman, J., Punja, Z.K., 2008. Colonization of cucumber plants by the biocontrol fungus Clonostachys rosea f. catenulata. Biol. Control 46,
267-278.

Compant, S., Saikkonen, K., Mitter, B., Campisano, A., Mercado-Blanco, J., 2016. Editorial special issue: soil, plants and endophytes. Plant Soil 405, 1-11.

Crous, PW.,, Braun, U., Hunter, G.C., Wingfield, M., Verkley, GJ.M., Shin, H.D., Nakashima, C., Groenewald, ]J.Z., 2013. Phylogenetic lineages in Pseudo-
cercospora. Stud. Mycol. 75, 37—114.

Crous, PW., Groenewald, ].Z., Shivas, R.G., Edwards, ]., Seifert, K.A., Alfenas, A.C,, Alfenas, R.F,, Burgess, T., Carnegie, AJ., Hardy, G.E.St]., Hiscock, N.,
Hiiberli, D., Jung, T., Louis-Seize, G., Okada, G., Pereira, O.L., Stukely, M.J.C., Wang, W., White, G.P., Young, AJ., McTaggart, A.R., Pascoe, I.G., Porter, L].,
Quaedvlieg, W., 2014. Fungal Planet description sheets: 281-319. Persoonia 33, 212—289.

Den Breeyen, A., Groenewald, J.Z., Verkley, G.J.M., Crous, P.W., 2006. Morphological and molecular characterisation of Mycosphaerellaceae associated with
the invasive weed, Chromolaena odorata. Fungal Div. 23, 89—110.

Ferreira, M.C,, Vieira, M.L.A,, Zani, C.L.,, Alves, T.M.A,, Sales, P.A,, Silvane, M.F,, Romanha, AJ., Gil, LH.V.G., Carvalho, A.G.O,, Zilli, ].E., Vital, M.].S., Rosa, CA.,
Rosa, LH., 2015. Molecular phylogeny, diversity, symbiosis and discover of bioactive compounds of endophytic fungi associated with the medicinal
Amazonian plant Carapa guianensis Aublet (Meliaceae). Biochem. Syst. Ecol. 59, 36—44.

Glass, N.L., Donaldson, G.C., 1995. Development of primer sets designed for use with the PCR to amplify conserved genes from filamentous ascomycetes.
Appl. Environ. Microbiol. 61, 1323—1330.

Godinho, V.M., Furbino, L.E., Santiago, LF,, Pellizzari, FM., Yokoya, N.S., Pupo, D., Alves, T.M.A., Junior, P.A.S., Romanha, A.J., Zani, C.L., Cantrell, C.L., Rosa, C.A.,
Rosa, L.H., 2013. Diversity and bioprospecting of fungal communities associated with endemic and cold-adapted macroalgae in Antarctica. ISME 7,
1434—-1451.

Hammer, @., Harper, D.A.T., Ryan, P.D., 2001. PAST: paleontological statistics software package for education and data analysis. Paleontol. Electr. 4, 1-9.

Hardoim, PR., van Overbeek, LS., Berg, G., Pirtilla, A.M., Compant, S., Campisano, A., Doring, M., Sessitsch, A., 2015. The hidden world within plants:
ecological and evolutionary considerations for defining functioning of microbial endophytes. Microbiol. Mol. Biol. Rev. 79, 293—320.

Hirose, D., Matsuoka, S., Osono, T., 2013. Assessment of the fungal diversity and succession of ligninolytic endophytes in Camellia japonica leaves using clone
library analysis. Mycologia 105, 837—843.

Houbraken, J., Frisvad, J.C., Seifert, K.A., Overy, D.P.,, Tuthill, D.M., Valdez, J.G., Samson, R.A., 2012. New penicillin-producing Penicillium species and an
overview of section Chrysogena. Persoonia 29, 78—100.

Ingold, C.T., 1965. Spore Liberation. Clarendon Press, Oxford.

Ju, Y.-M,, Rogers, ].D., San Martin, F,, 1997. A revision of the genus Daldinia. Mycotaxon 61, 1243—1293.

Kirk, P.M., Cannon, P.F, Minter, D.W., Stalpers, J.A., 2008. Dictionary of the Fungi, tenth ed. CAB International, Wallingford, U.K.

Lahlali, R., Peng, G., 2013. Suppression of clubroot by Clonostachys rosea via antibiosis and induced host resistance. Plant Pathol. 63, 447—455.


http://refhub.elsevier.com/S0305-1978(17)30031-5/sref1
http://refhub.elsevier.com/S0305-1978(17)30031-5/sref1
http://refhub.elsevier.com/S0305-1978(17)30031-5/sref1
http://refhub.elsevier.com/S0305-1978(17)30031-5/sref2
http://refhub.elsevier.com/S0305-1978(17)30031-5/sref2
http://refhub.elsevier.com/S0305-1978(17)30031-5/sref2
http://refhub.elsevier.com/S0305-1978(17)30031-5/sref3
http://refhub.elsevier.com/S0305-1978(17)30031-5/sref3
http://refhub.elsevier.com/S0305-1978(17)30031-5/sref4
http://refhub.elsevier.com/S0305-1978(17)30031-5/sref5
http://refhub.elsevier.com/S0305-1978(17)30031-5/sref5
http://refhub.elsevier.com/S0305-1978(17)30031-5/sref5
http://refhub.elsevier.com/S0305-1978(17)30031-5/sref5
http://refhub.elsevier.com/S0305-1978(17)30031-5/sref6
http://refhub.elsevier.com/S0305-1978(17)30031-5/sref6
http://refhub.elsevier.com/S0305-1978(17)30031-5/sref6
http://refhub.elsevier.com/S0305-1978(17)30031-5/sref7
http://refhub.elsevier.com/S0305-1978(17)30031-5/sref7
http://refhub.elsevier.com/S0305-1978(17)30031-5/sref8
http://refhub.elsevier.com/S0305-1978(17)30031-5/sref8
http://refhub.elsevier.com/S0305-1978(17)30031-5/sref8
http://refhub.elsevier.com/S0305-1978(17)30031-5/sref9
http://refhub.elsevier.com/S0305-1978(17)30031-5/sref9
http://refhub.elsevier.com/S0305-1978(17)30031-5/sref9
http://refhub.elsevier.com/S0305-1978(17)30031-5/sref9
http://refhub.elsevier.com/S0305-1978(17)30031-5/sref10
http://refhub.elsevier.com/S0305-1978(17)30031-5/sref10
http://refhub.elsevier.com/S0305-1978(17)30031-5/sref10
http://refhub.elsevier.com/S0305-1978(17)30031-5/sref11
http://refhub.elsevier.com/S0305-1978(17)30031-5/sref11
http://refhub.elsevier.com/S0305-1978(17)30031-5/sref11
http://refhub.elsevier.com/S0305-1978(17)30031-5/sref11
http://refhub.elsevier.com/S0305-1978(17)30031-5/sref12
http://refhub.elsevier.com/S0305-1978(17)30031-5/sref12
http://refhub.elsevier.com/S0305-1978(17)30031-5/sref12
http://refhub.elsevier.com/S0305-1978(17)30031-5/sref13
http://refhub.elsevier.com/S0305-1978(17)30031-5/sref13
http://refhub.elsevier.com/S0305-1978(17)30031-5/sref13
http://refhub.elsevier.com/S0305-1978(17)30031-5/sref13
http://refhub.elsevier.com/S0305-1978(17)30031-5/sref14
http://refhub.elsevier.com/S0305-1978(17)30031-5/sref14
http://refhub.elsevier.com/S0305-1978(17)30031-5/sref14
http://refhub.elsevier.com/S0305-1978(17)30031-5/sref15
http://refhub.elsevier.com/S0305-1978(17)30031-5/sref15
http://refhub.elsevier.com/S0305-1978(17)30031-5/sref15
http://refhub.elsevier.com/S0305-1978(17)30031-5/sref15
http://refhub.elsevier.com/S0305-1978(17)30031-5/sref15
http://refhub.elsevier.com/S0305-1978(17)30031-5/sref16
http://refhub.elsevier.com/S0305-1978(17)30031-5/sref16
http://refhub.elsevier.com/S0305-1978(17)30031-5/sref16
http://refhub.elsevier.com/S0305-1978(17)30031-5/sref17
http://refhub.elsevier.com/S0305-1978(17)30031-5/sref17
http://refhub.elsevier.com/S0305-1978(17)30031-5/sref17
http://refhub.elsevier.com/S0305-1978(17)30031-5/sref18
http://refhub.elsevier.com/S0305-1978(17)30031-5/sref19
http://refhub.elsevier.com/S0305-1978(17)30031-5/sref19
http://refhub.elsevier.com/S0305-1978(17)30031-5/sref20
http://refhub.elsevier.com/S0305-1978(17)30031-5/sref21
http://refhub.elsevier.com/S0305-1978(17)30031-5/sref21

M.C. Ferreira et al. / Biochemical Systematics and Ecology 71 (2017) 163—169 169

Lopes, M.R,, Ferreira, M.C., Carvalho, T.F.C.,, Pagnocca, F.C.,, Chagas, R.A., Morais, P.B., Rosa, L.H., Lachance, M.A,, Rosa, C.A., 2015. Yamadazyma riverae sp. nov., a
yeast species isolated from plant materials. Int. ]. Syst. Evol. Microbiol. 65, 4469—4473.

Lousada, J.M., Borba, E.L, Ribeiro, K.T., Ribeiro, L.C., Lovato, M.B., 2011. Genetic structure and variability of the endemic and vulnerable Vellozia gigantea
(Velloziaceae) associated with the landscape in the Espinhago Range, in southeastern Brazil: implications for conservation. Genetica 139, 431—440.

Mello-Silva, R., Menezes, N.L., 1999. Two new Brazilian Velloziaceae, Vellozia auriculata and Vellozia gigantea, and a key to related dracenoid species of
Vellozia. Novon 9, 536—541. http://dx.doi.org/10.2307/3392159.

Menezes, N.L.,, Mello-Silva, R., Mayo, S.J., 1994. Cladistic analysis of the Velloziaceae. Kew Bull. 49, 71-92.

Nag Raj, TR, 1993. Coelomycetous Anamorphs with Appendage-bearing Conidia. Mycologue Publications Waterloo, Ontario.

Rodriguez, M.A., Cabrera, G., Gozzo, F.C,, Eberlin, M.N., Godeas, A., 2011. Clonostachys rosea BAFC3874 as a Sclerotinia sclerotiorum antagonist: mechanisms
involved and potential as a biocontrol agent. ]. Appl. Microbiol. 110, 1177—1186.

Rosa, L.H., Vaz, A.B.M., Caligiorne, R.B., Campolina, S., Rosa, C.A., 2009. Endophytic fungi associated with the Antarctic grass Deschampsia Antarctica Desv.
(Poaceae). Polar Biol. 32, 161-167.

Rosa, L.H., Vieira, M.L.A., Cota, B.B., Johann, S., Alves, TM.A., Zani, C.L., Rosa, C.A., 2011. Endophytic fungi of tropical forests: a promising source of bioactive
prototype molecules for the treatment of neglected diseases. In: Ekinci, D. (Ed.), Drug Development - a Case Study Based Insight into Modern Strategies.
Intech, Croatia, pp. 1-18.

Schroers, H.J., Samuels, G., Seifert, K., Gams, W., 1999. Classification of the mycoparasite Gliocladium roseum in Clonostachys as C. rosea, its relationship to
Bionectria ochroleuca, and notes on other Gliocladium-like fungi. Mycologia 91, 365—385.

Schulz, B., Boyle, C., 2005. The endophytic continuum. Mycol. Res. 109, 661—686.

Silveira, F.A.O., Negreiros, D., Barbosa, N.P.U., Buisson, E., Carmo, F.F,, Carstensen, D.W., Conceicao, A.A., Cornelissen, T.G., Echternacht, L., Fernandes, G.W.,
Garcia, Q.S., Guerra, TJ., Jacobi, C.M., Lemos-Filho, ].P,, Stradic, S.L., Morellato, L.P.C., Neves, ES., Oliveira, R.S., Schaefer, C.E., Viana, P.L., Lambers, H., 2015.
Ecology and evolution of plant diversity in the endangered campo rupestre: a neglected conservation priority. Plant Soil 1-24.

Sutton, J., Li, D.-W.,, Peng, G., Yu, H., Zhang, P., 1997. Gliocladium roseuma versatile adversary of Botrytis cinerea in crops. Plant Dis. 81, 316—328.

Tamura, K., Stecher, G., Peterson, D., Filipski, A., Kumar, S., 2013. MEGAG6: molecular evolutionary genetics analysis version 6.0. Mol. Biol. Evol. 30,
2725-2729.

Vega, EE., Posada, F., Aime, M.C., Pava-Ripoll, M., Infante, F., Rehner, S.A., 2008. Entomopathogenic fungal endophytes. Biol. Control 46, 72—82.

Whalley, AJ.S., 1996. The Xylariaceous way of life. Mycol. Res. 100, 897—922.

White, TJ., Bruns, T.D., Lee, S.B., 1990. Amplification and direct sequencing of fungal ribosomal RNA genes for phylogenetics. In: Protocols, P.C.R. (Ed.),
A Guide to Methods and Applications, vol. 18. Academic Press, San Diego, CA, USA, pp. 315—322.


http://refhub.elsevier.com/S0305-1978(17)30031-5/sref22
http://refhub.elsevier.com/S0305-1978(17)30031-5/sref22
http://refhub.elsevier.com/S0305-1978(17)30031-5/sref22
http://refhub.elsevier.com/S0305-1978(17)30031-5/sref23
http://refhub.elsevier.com/S0305-1978(17)30031-5/sref23
http://refhub.elsevier.com/S0305-1978(17)30031-5/sref23
http://dx.doi.org/10.2307/3392159
http://refhub.elsevier.com/S0305-1978(17)30031-5/sref25
http://refhub.elsevier.com/S0305-1978(17)30031-5/sref25
http://refhub.elsevier.com/S0305-1978(17)30031-5/sref26
http://refhub.elsevier.com/S0305-1978(17)30031-5/sref27
http://refhub.elsevier.com/S0305-1978(17)30031-5/sref27
http://refhub.elsevier.com/S0305-1978(17)30031-5/sref27
http://refhub.elsevier.com/S0305-1978(17)30031-5/sref28
http://refhub.elsevier.com/S0305-1978(17)30031-5/sref28
http://refhub.elsevier.com/S0305-1978(17)30031-5/sref28
http://refhub.elsevier.com/S0305-1978(17)30031-5/sref29
http://refhub.elsevier.com/S0305-1978(17)30031-5/sref29
http://refhub.elsevier.com/S0305-1978(17)30031-5/sref29
http://refhub.elsevier.com/S0305-1978(17)30031-5/sref29
http://refhub.elsevier.com/S0305-1978(17)30031-5/sref30
http://refhub.elsevier.com/S0305-1978(17)30031-5/sref30
http://refhub.elsevier.com/S0305-1978(17)30031-5/sref30
http://refhub.elsevier.com/S0305-1978(17)30031-5/sref31
http://refhub.elsevier.com/S0305-1978(17)30031-5/sref31
http://refhub.elsevier.com/S0305-1978(17)30031-5/sref32
http://refhub.elsevier.com/S0305-1978(17)30031-5/sref32
http://refhub.elsevier.com/S0305-1978(17)30031-5/sref32
http://refhub.elsevier.com/S0305-1978(17)30031-5/sref32
http://refhub.elsevier.com/S0305-1978(17)30031-5/sref32
http://refhub.elsevier.com/S0305-1978(17)30031-5/sref33
http://refhub.elsevier.com/S0305-1978(17)30031-5/sref33
http://refhub.elsevier.com/S0305-1978(17)30031-5/sref34
http://refhub.elsevier.com/S0305-1978(17)30031-5/sref34
http://refhub.elsevier.com/S0305-1978(17)30031-5/sref34
http://refhub.elsevier.com/S0305-1978(17)30031-5/sref35
http://refhub.elsevier.com/S0305-1978(17)30031-5/sref35
http://refhub.elsevier.com/S0305-1978(17)30031-5/sref36
http://refhub.elsevier.com/S0305-1978(17)30031-5/sref36
http://refhub.elsevier.com/S0305-1978(17)30031-5/sref37
http://refhub.elsevier.com/S0305-1978(17)30031-5/sref37
http://refhub.elsevier.com/S0305-1978(17)30031-5/sref37

	Diversity of the endophytic fungi associated with the ancient and narrowly endemic neotropical plant Vellozia gigantea from ...
	1. Introduction
	2. Materials and methods
	2.1. Plant collection and isolation of fungal endophytes
	2.2. Fungal identification
	2.3. Ecological analysis

	3. Results
	3.1. Taxonomic and diversity analyses

	4. Discussion
	4.1. Taxonomic and diversity analyses

	Acknowledgement
	References


